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Background Of The Invention 

This invention relates generally to ofl and gas exploration, and in particular to forming 
and repairing wellbore casings to facilitate oil and gas exploration. 

During oil exploration, a wellbore typically traverses a number of zones within a 
subterranean formation. Wellbore casings are then formed in the wellbore by radially 
expanding and plastically deforming tubular members that are coupled to one another 

3 



by threaded connections. Existing methods for radia.fy expanding and plasticaliy 
deforming tubular members coupled to one another by threaded connections are not 
always reliable or produce satisfactory results, in particular, the threaded connections 
can be damaged during the radial expansion process. 

The present invention is directed to overcoming one or more of the limitations of the 
existing processes for radially expanding and plastically deforming tubular members 
coupled to one another by threaded connections. 

Summary of the Invention 
According to one aspect of the present invention, an apparatus for radially expanding 
and plastically deforming an expandable tubular member is provided that includes an 
upper tubular support member defining a first passage, one or more cup seals coupled 
to the exterior surface of the upper tubular support member for sealing an interface 
between the upper tubular support member and the expandable tubular member an 
upper cam assembly coupled to the upper tubular support member comprising- a 
tubular base coupled to the upper tubular support member, and a p.ura.ity of cam arms 
extending from the tubular base in a downward longitudinal direction, each cam arm 
defining an inclined surface, a plurality of upper expansion cone segments interleaved 
w.th the cam arms of the upper cam assembly and pivotally coupled to the tubular 
support member, a lower tubular support member defining a second passage fluididy 
coupled to the first passage releasably coupled to the upper tubular support member 
and a lower cam assembly coupled to the lower tubular support member comprising- a 
tubular base coupled to the lower tubular support member, and a plurality of cam arms 
extending from the tubular base in an upward longitudinal direction, each cam arm 
defining an inclined surface that mates with the inclined surface of a corresponding one 
of the upper expansion cone segments, wherein the cams arms of the upper cam 
assembly are interleaved with and overlap the cam arms of the lower cam assembly a 
pluralrty of lower expansion cone segments interleaved with cam arms of the lower cam 
assembly, each lower expansion cone segment pivotally coupled to the lower tubular 
support member and mating with the inclined surface of a corresponding one of the 
cam arms of the upper cam assembly, wherein the lower expansion cone segments 
.nterteave and overlap the upper expansion cone segments, and wherein the upper 
and lower expansion cone segments together define an arcuate spherical external 
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Accord^ t0 aoofl^r aspec, of g. presen. invention, an apparatus for radially 
expandmg and piasflcaif, defonning an expandabie b.buiar n»Zr is ,Z^2 
■nciudes a n*u,ar support member, a coiiapsibie expansion cone coupied LTlta 
supoer, member, an expandabie tubuiar member coup te d to a* co tepslbte ^ntn 
cone, means for dicing the coibpsibie expansion cone reiaflve 1 eZZe 
brbuiar member, and means for collapsing the expansion cone 
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According to another aspect of the present invention, a collapsible expansion cone is 
provided that includes an upper cam assembly comprising: a tubular base, and a 
plurality of cam arms extending from the tubular base in a downward longitudinal 
direction, each cam arm defining an inclined surface, a plurality of upper expansion 
cone segments interleaved with the cam arms of the upper cam assembly, a lower cam 
assembly comprising: a tubular base, and a plurality of cam arms extending from the 
tubular base in an upward longitudinal direction, each cam arm defining an inclined 
surface that mates with the inclined surface of a corresponding one of the upper 
expansion cone segments, wherein the cams arms of the upper cam assembly are 
interleaved with and overlap the cam arms of the lower cam assembly, a plurality of 
lower expansion cone segments interleaved with cam arms of the lower cam assembly, 
each lower expansion cone segment mating with the inclined surface of a 
corresponding one of the cam arms of the upper cam assembly, means for moving the 
upper cam assembly away from the lower expansion cone segments, and means for 
moving the lower cam assembly away from the upper expansion cone segments. 

According to another aspect of the invention, an apparatus for radially expanding and 
plastically deforming an expandable tubular member is provided that includes a tubular 
support member, a collapsible expansion cone coupled to the tubular support member, 
an expandable tubular member coupled to the collapsible expansion cone, means for 
displacing the collapsible expansion cone relative to the expandable tubular member, 
and means for collapsing the expansion cone. 

According to another aspect of the invention, a collapsible expansion cone is provided 
that includes an upper cam assembly comprising: a tubular base, and a plurality of cam 
arms extending from the tubular base in a downward longitudinal direction, each cam 
arm defining an inclined surface, a plurality of upper expansion cone segments 
interleaved with the cam arms of the upper cam assembly, a lower cam assembly 
comprising: a tubular base, and a plurality of cam arms extending from the tubular base 
in an upward longitudinal direction, each cam arm defining an inclined surface that 
mates with the inclined surface of a corresponding one of the upper expansion cone 
segments, wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly, a plurality of lower expansion cone 

6 



o 



segments interleaved with cam arm* «r *u , 

of the upper cam assemblv ™ , corresponding one of the cam arms 

• - - upper * ^ "» ^ « — * -y 

injected Wdfc n^,^, excee . ' ^ Wh6n «* ^ "Peradng „ ^ 

flurdic matedal exLds a ! ^ pressure 01 »» injected 

20 

P . , . Brief Ascription of the Drawings 

f«9. la .s a fragmentary cross-sectional illustration of .ho . 

exemplary embodiment of an an™ I T " ^ ° f 3 POrt,0n * an 

deforming a tubular m m l h T "** 3nd **-y 

25 Preexist structure. ^ 3 °* Pil * *~ 

cone within a 



7 



o 



10 



Fig. 3a is a fragmentary cross-sectional illustration of a portion of the apparatus of Fig 
5 Fig. 3b is a fragmentary cross-sectiona. illustration of a portion of the apparatus of Rg 

^an?i b fra9mentary Cr ° SS " SeCti0na ' illUStrat, '° n ° f a P° rti °" °< the apparatus of Rg, 
Fig. 4a is a fragmentary cross-sectional illustration of a portion of the apparatus of Rg 

15 ^ancflb. fragmentary Cr ° SS - SeCfi0nal i,,UStrati ° n ° f 3 P° rti0 " ^ the apparatus of Fig, 
RgjHs a fragmentary cross-sectiona. illustration of a portion of the apparatus of Rg, 

20 Figs. 7a-7e are fragmentary cross-sectional and perspective illustrations of the upper 
cam assembly of the apparatus of Figs. 1a and 1b. 

Fig. 7f is a fragmentary cross-sectional illustration of the lower cam assembly of the 
apparatus of Figs. 1 a and 1 b. Y 
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Figs. 8a-8d are fragmentary cross-sectiona. and perspective illustrations of one of the 
upper cone segments of the apparatus of Rg, laand 1b. 

30 Ifth 86 18 3 ? ment3fy CTOSS - SeCfi ° na ' il,ustration 01 one of the tower cone segments 
30 of the apparatus of Figs. 1a and 1b. 

Rg. 9 is a side view of a portion of the apparatus of Figs. 1a and 1b. 
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Fig. 10a is a fragmentary cross sectional illustration of a portion of the apparatus of 
F-gs. la and 1b during the radial expansion of the expandable tubular member. 

5 IiRg 0 10a " SeCti0na ' i,,UStrati0n * ^ ° f *~ aPP3ratUS 

Fig- 11* . a fragmentary cross sectional .Lustration of a portion of the apparatus of 
F-gs. 10a and 10b during the adjustment of the expansion cone to a collapsed position. 

10 RcMib is a fragmentary cross sectional illustration of another portion of the apparatus 
°T rig. 11a. 

Fig. 12 is a fragmentary cross sectional illustration of a portion of the apparatus of Figs 
11a and 11b. 
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Fig. 13 is a fragmentary cross sectional illustration of a portion of the apparatus of Figs. 



11a and 11b. 

FIG. 14 is a fragmentary cross sectional illustration of a portion of the apparatus of 
Figs. 1 1a and 11b with the expansion cone in a half collapsed position. 

FIG. 15 is a fragmentary cross sectional illustration of a portion of the apparatus of 
F.gs. 11aand11bwiththeex P ansionconeinafullycollapsedposition. 

Fig. 16 is a side view of a portion of the apparatus of Figs. 10a and 10b. 

Fig. 17a. is a fragmentary cross sectional illustration of a portion of the apparatus of 
Figs 11a and 11b after the remova. of the apparatus from interior of the expandabie 
tubular member. 

o'fFig 'l 7a " fra9mentary ^ * ° f *" ■"»■"*" 
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An end of a lower mandrel 34 defines a recess 34a that mates with, receives, and is 
coupled to the external flange 22c of the upper mandrel 22, a recess 34b that mates 
with, receives, and is coupled to the end of the upper mandrel, a passage 34c, and an 
external flange 34d including circumferentially spaced apart meshing teeth 34da on an 
end face of the external flange. Torque pins 36a and 36b further couple the recess 
34a of the end of the lower mandrel 34 to the external flange 22c of the upper mandrel 
22. During operation, the torque pins 36a and 36b transmit torque loads between the 
recess 34a of the end of the lower mandrel 34 and the external flange 22c of the upper 
mandrel 22. 



An upper cam assembly 38 includes a tubular base 38a for receiving and mating with 
the lower mandrel 34 that includes an external flange 38aa, a plurality of 
circumferentially spaced apart meshing teeth 38b that extend from one end of the 
tubular base in the longitudinal and radial directions for engaging the meshing teeth 
34da of the end face of the external flange 34d of the lower mandrel, and a plurality of 
circumferentially spaced apart cam arms 38c that extend from the other end of the 
tubular base in the opposite longitudinal direction and mate with and receive the lower 
mandrel. During operation, the meshing teeth 34da of the end face of the external 
flange 34d of the lower mandrel 34 transmit torque loads to the meshing teeth 38b of 
20 the upper cam assembly 38. Each of the cam arms 38c include an inner portion 38ca 
extending from the tubular base 38a that has arcuate cylindrical inner and outer 
surfaces, 38caa and 38cab, a tapered intermediate portion 38cb extending from the 
inner portion that has an arcuate cylindrical inner surface 38cba and an arcuate conical 
outer surface 38cbb, and an outer portion 38cc extending from the intermediate portion 
25 that has arcuate cylindrical inner and outer surfaces, 38cca and 38ccb. In an 
exemplary embodiment, the radius of curvatures of the arcuate outer cylindrical 
surfaces 38cab are greater than the radius of curvatures of the arcuate outer cylindrical 
surfaces 38ccb. In an exemplary embodiment, the radius of curvatures of the arcuate 
inner cylindrical surfaces, 38caa, 38cba. and 38cca are equal. 



A lower cam assembly 40 includes a tubular base 40a for receiving and mating with the 
lower mandrel 34 that includes an external flange 40aa, a plurality of circumferentially 
spaced apart meshing teeth 40b that extend from one end of the tubular base in the 
longitudinal and radial directions, and a plurality of circumferentially spaced apart cam 
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arms 40c that extend from the other end of the tubular base in the opposite longitudinal 
Erection and mate with and receive the lower mandrel. Each of the cam arms 40c 
•nclude an inner portion 40ca extending from the tubular base 40a that has arcuate 
cyhndrical inner and outer surfaces. 40caa and 40cab, a tapered intermediate portion 
40cb extending from the inner portion 40ca that has an arcuate cylindrical inner surface 
40cba and an arcuate conical outer surface 40cbb, and an outer portion 40cc 
extending from the intermediate portion that has arcuate cylindrical inner and outer 
surfaces, 40cca and 40ccb. In an exemplary embodiment, the radius of curvatures of 
the arcuate outer cylindrical surfaces 40cab are greater than the radius of curvatures 
the arcuate outer cylindrical surfaces 40ccb. In an exemplary embodiment, the radius 
of curvatures of the arcuate inner cylindrical surfaces. 40caa. 40cba. and 40cca are 
equal. In an exemplary embodiment, the upper and lower cam assemblies, 38 and 40, 
are substantially identical. In an exemplary embodiment, the cam arms 38c of the 
upper cam assembly 38 interleave the cam arms 40c of the lower cam assembly 40. 
Furthermore, in an exemplary embodiment, the cam arms 38c of the upper cam 
assembly also overlap with the cam arms 40c of the lower cam assembly 40 in the 
longitudinal direction thereby permitting torque loads to be transmitted between the 
upper and lower cam assemblies. 

An end of an upper retaining sleeve 42 receives and is threadably coupled to the 
external flange 34d of the lower mandrel 34 that defines a passage 42a for receiving 
and mating with the outer circumferential surfaces of the external flange 38aa and the 
meshing teeth 38b of the upper cam assembly 38. and an inner annular recess 42b, 
and includes an internal flange 42c for retaining the external flange 38aa of the upper 
cam assembly, and an internal flange 42d at one end of the upper retaining sleeve that 
includes a rounded interior end face. An o-ring seal 44 is received within the annular 
recess 42b for sealing the interface between the upper retaining sleeve 42 and the 
external flange 34d of the lower mandrel 34. A disc shaped shim 43 is positioned 
within the upper retaining sleeve 42 between the opposing end faces of the internal 
flange 42c of the retaining sleeve and the meshing teeth 38b of the upper cam 
assembly 38. 

A plurality of upper expansion cone segments 44 are interleaved among the cam arms 
38c of the upper cam assembly 38. Each of the upper expansion cone segments 44 

12 



20 



25 



30 



from me interior po rtons ^ * ** "" em,ed ' ate "«*» 44b extending 

embodiment. Ihe outer surfaces 44abnf, h • ' ln an exemplary 

- segments de«ne ^JZ^LT" *" " P ' S '^ 

Po*os 4oTo,rr ^ ^ C * r SUrfaCas * <* a inte-medste 
Hons 40cb of the corresponding cam anns of the lower cam assembfy. 

ir^rrrr ra * s * ~ ° f - «- - 

surface «a* It °' °' 3 ™ ate «*"*" *™r 

Oiindrfca, surface 44a!bTan ra °" ,S * « *» "«* 

surfaces 44^171' „ ^ emb0d ™ n '' ^ inner 

^:2? s : ^;;i:r '• , : an , exemp,a * - «- 

44aaa In .„ . '° *" arcua,a •a* 1 *** mner surface 

"PPer expansion cone segments 44 and the cam arms ^ «r .k. 
assemblv ™ i n *k: s 38c of tne tower cam 

eaaa and 46aab. and an arcuate cyMrfca. outer surfac 46ab. intermediate porC 



exemptary embodiment, a, e outer surfaces 46a T ' * ^ ^ °" 

The arcuate inner cylindrical surfaces 46aaa im. , , 
«. ft. arcuate Inner cytindrics, ZZTJT * " - " ,e ^ "^ rel 
cylindrical outer surfaces 38c* JT . "* *» a ™ate 

'0 arms 3«c of the J, Z^^^T™ *" °' *" « 
- - and recede fc a^JL^ X^T^^ 

In an exemplar, embodiment, the radius of curvature of rh. = . 

15 ■*» «™ * <- man the radius * c^r^eT ***** 

surface 46aab In an . curvature of the arcuate cylindrical inner 

cylindrical inner I ™ emb °^ - — - ~ o, the arcuate 

Optical surface 46aab Tan 2LT T "*" * ^ * * «* 
-daces, 4«aaa an4 4fcab are ZT". * ~' *~ 

» cyllndrioaloutersurfaol^l 7! " em ^™c .he arcoate 

parallel to the arcuate cylindrical in ! * ° Ut6r SUrface «*■ * 

— * ,e arcuar^rr^rr inanexemp '- 

arcuate cylindrical inner surface 46ca reWvB to the 

) 

Wer expansion oone saoments 4a 7 eXempla,y «*««">«* the 

lo»er expansion cone segments 46 T °° *"* ^ and »» 

- - - Hermed.teUrr.otl: ^tT ^ * 



cyl.ndr.cal surface, the arcuate spherical outer surfaces. 44bbb and 46bbb. of the upper 
and lower expansion cone segments define an contiguous arcuate spherical surface 
and the arcuate cylindrical outer surfaces. 44cb and 46bba, of the upper and lower 
expansion cone segments define a contiguous cylindrical surface. 

An end of a lower retaining sleeve 48 defines a passage 48a for receiving and mating 
wrth the outer circumferential surfaces of the external flange 40aa and the meshing 
teeth 40b of the tower cam assembly 40. and an inner annular recess 48b and 
mcludes an internal flange 48c for retaining the external flange of the lower cam 
assembly, and an internal flange 48d at one end of the lower retaining sleeve that 
mcludes a rounded interior end face for mating with the hinge grooves 46 aba of the 
lower expansion cone segments 46 thereby pivotally coupling the lower expansion 
cone segments to the lower retaining sleeve. An o-ring seal 50 is received within the 
annular recess 48b. A disc shaped shim 49 is positioned within the lower retaining 
sleeve 48 between the opposing end faces of the internal flange 48c of the retaining 
sleeve and the external flange 40aa of the lower cam assembly 40. 

In an exemplary embodiment, the arcuate cylindrical outer surfaces 44bba of the upper 
expansion cone segments 44 and the arcuate cylindrical outer surfaces 46cb of the 
lower expansion cone segments 46 are aligned with the outer surface of the upper 
retammg sleeve 42. In an exemplary embodiment, the arcuate cylindrical outer 
surfaces 44cb of the upper expansion cone segments 44 and the arcuate cylindrical 
outer surfaces 46 bba of the lower expansion cone segments are aligned with the outer 
surface of the lower retaining sleeve 48. 

An end of a float shoe adaptor 50 that includes a plurality of drcumferentially spaced 
apart meshing teeth 50a for engaging the meshing teeth 40b of the lower cam 
assembly 40 is received within and threadably coupled to an end of the tower retaining 
sleeve 48 that defines a passage 50b at one end for receiving an end of the lower 
mandrel 34. a passage 50c having a reduced inside diameter at another end, a plurality 
of radial passages 50d at the other end. and includes an internal flange 50e and a 
torsional coupling 50f at the other end that includes a plurality of torsiona. coupling 
members 50fa. During operation, the meshing teeth 40b of the lower cam assembly 40 
transmrt toque loads to and from the meshing teeth 50a of the float shoe adaptor. 
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shoe adaptor 50 Z d 1 """ " - * "» 50b of the float 

and another end oftheretaininaJ. 7 ,ndUdeS 3 flange 52d - 

'ho stop nu, 54 ,„ „. retaWn9 , J e and shear p,„s 56 raleasably couple 

« °f to -owning sleeve 5T IT ^ 095 M ~ P0Slt ' 0ne ' i a " 

"andre, 34. and a dV "Ih ' I"*" " ~~»> ^ * «» 
^ Posiuoned *n an olTr 7 $ ° ^ ™"«« * « 

' «* base C eTpl'^ ' *~ H ^ — - - 
« a, re ,aasa^ ^T r ~T* <° - - «*• * Burs, dis cs 
shoeadaptor56 *» «" •« «* of .ha float 

^cr^T^^'^^^^^ooup*, 

transmitted between tha fa. <h T l0rSi0nal toaos ^ * 

oxpandable - " ** " M ' Sh ° e 64 ' A " «« * " 

Packer cup 28 f» lojer m JT7l, ' P "** r 24 ' ^ 

— oxpTna,!! ~t 6 ^ T ~" ~ « - 
-o^oa an and o„ha « ^ *" ^ * * ^ * a * 

— sphenca, eC ^ ^4^,^ ^ * * 
expansion cone segments. 44 and 46. ' ** 

During operation, as illustrated in Flos 1a anri ih h,. 
Po*ned WH* a praedsrin, «Z121Z^ 
traverses a subterranean f nmat - «. a P ' 6, 3 boreho,e 100 ** 

The borehole ~ "* ^ 3 ~> — casing 102 

may be onented ,n any position, for example, flora vertical to 
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hoftontal. A fluidic materia, 104 „ ^ injecled ln , 0 ^ 

zur. r 3, ^ and w ° - — • — - * 

e*andab,e lubdar member 66 and ^ ^ 100 (n ^ 

ftM«* matena, ,04 ,s a hardenabie fluid* sea,ing materfal. manner, an 

lubular member 66 and the borehole 100. 

As Skated i„ figs. 10a and 10b. a ban 106 is .hen be positioned within and btecking 
*e vahreatte passage 64b o, me flea, shoe 64 by injecflng e flu* materfa, ,06 into 
10 toe apparates ,0 Ihror^h .he passages ,2a. ,4a. 22a. 34c. and 50c. Aa a reaufl me 
ncreesed operaflng pressure wflhln me passage S0c bursts open me burs, discs 62 

Wet" ,T, "! radia ' P3SSa9eS 5 ° d * *• *- Sh °° * ^ oanflnued 

£*» o, the flu* materia, ,08 mereby presses me interior of ,he expandabte 
tester member 66 be,ow me tower packer cup 26 thereby d,spto.ag ma u per and 
tower expanse cone segments, 44 and 46. upward* , eteUve to me floa, shoe 64 and 
.he expandable tobuiar member 66. As e resu,t me expandabte ,ubu,ar member 66 is 
Plaster defended and radlaUy expanded. Thus, me bura, d,sca 62 sense m, 
operaan, pressure of me injected flu* material 108 within the passage 50c and 
mereby control me Iniflaflon o, me radial expansion and piastte detormadon o, me 
20 expandable tubular member 66. 

in an exempt embodiment any toakage of me pressurized fluidio materia, 108 pas, 

ltlT,T 15 and -* - a9ainst ,ute ^ » •» Z~ 

25 ~,t 7,1 man " er ' lower p " d " r cup 28 PTO| <** *• P*-V «* 

r a ^ 01 ^ 6XPandable * - »° "PP- 

packs, cup 24 provides a seconder back-up. flu* sea, agains, ,he interior surface o, 

■» «««■«• M*r member. Furfhem™. because die tower packer oup 28 
andfor «. .upper packer oup 24 pro** a fluid Ugh, sea, agains, ft. interior surface of 
,he expandable tubular member 66. me upper and lower expansion cone segmente 44 
» -d 46. are pu„ed up^dly trough „ expandabte ,ubu,ar member >y fliT ax^ 
forces created by the packer cups. 

oetirr 13 " ; mbodimen '' durin9 me ^ °~ «- 

belween toe arcuate spherica, externa, surfaces. 44bbb and 46bbb. of me upper and 
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ower expansion cone segments, 44 ana 46, and to, intenor surface c, toe expandable 
'member 66 ,s no. fluid light As e result the fluidic matena, ,08 may provide 

SET-IT en0re extent " ,be ,mertace - ,he 

«*. and 460b. and the areata sphedoai externa, surfaces. 44bbb and 46bbb. 04 toe 

™ Tr,"*"*" ™" Se9m8 *' 44 ^ * OTd me lnte " or "*» - •» 
e^andabte tabular member 66. Moreover, expenmenta, ,es. restate have indicated 

•>«-*•« <Ha« the required opera** pres5ure „ me „ uidic TOteria| 108 fcr 

-M expansion of me expandabte tabular member 66 is iess when the interface 

bawean toe cylindrical exlema, surface. 44bba and 46cb, and toe arcoale spherica, 

« nd 46 am, m e , n terfor surface of me expandabte fubular member 66 is no. fluid 
m- Furtoennore, experiment tee, results have also demonsbated that the arcuate 

1 rL eXtema ' ^ Pf0VWed " y arCUafe S,,heriral — «*-. «bbb 
nd « bbb , „ Ure upper and lower expansion cone segmente, 44 and 46, provides 
«M expanse and plastte de.orma.ioe of toe expandabte tabular member 66 using 
tower opening pressures versus an expansten cone having a conical outer surface. 

in an exemplar embodiment as illusbaled in Figs. ,1a. 11b. 12, 13, 14, 15, and 16 

1 U Z a T e l expans,on Mne 44 and 46 ' *» * * « 

collapsed postoon by placing a ball 110 witoh toe ball valve sea, 52c of ,he ,hroa, 
08. afte ihe placemen, of ,he ba» 1,0 witoln me ball vaive sea, 52c. crates a 

Z toe T"" me ba " 1 10 ^ aPWnfl 3 ■»*»*- *» 

onto Ihe re ia,n,ng steeve 52 thereby shea*, the shear pins 56. As a result the 

nate^g steeve 52 is displaced in 1. downward tongi^na, direct reiabVe to toe 

TltZTT !° meKby pem " n9 me tod * 9 doss 58 ,o - **— — * 

L„ ™- — **— . of the loddn, dogs 58 

d sengages the looking dogs from engagement wflh toe lower mandrel 34. Thus toe 
shear ptns 56 sense the operaflng pressure o, me injected fluidio mateha, 108 wMn 

uooTr r ssa9e 52b fterebv contr °" in9 '**» * ■» * «- 

upper and lower expansion cone aegmente. 44 and 46. 

aleave 52 ,n me downward longitudinal dlredicn retetlve to ,he float shoe adaptor 50 
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unbl the externa! flange 5 2d of me retaining sleeve 52 , mpacls , _ 

zi t shoe ^ 50 ,s ^ a,s ° ~ * - — 

a semb* 40. the tower expanston cone segmenta 46. and the iov.er retalntag sleeve 
48. wh,ch are attached to me float shoe adaptor, to also be Laced 

assembly 38, and the upper expansion cone segments 44. 

^ZT** - disp,acemenl * ,te ^ ram — • <° ~» - - 

' d * * — 1 «*""' «■*»• 40cbb of me tower cam assembly and thereby 

crt i rad,a ' direttton - ^ *- « — 

olL , l0n9i,Udina ' d ' SPlaCemenl ° f ^ «*— » « 

segments 46 relatve to me upper cam assembly 38 causes the lower expanse cone 

zzi: t * * - eMemai — s ^ — - * « 

■M* and thereby pwo, lmra rd,y tn me radia, direction about the internal flange 46d 
on , tower retaining sleeve. As a reeua of ma inwam rad tel movement of Juppe 
and tower expansion cone segments, 44 and 46. «. arcuate exlamat sp hel, 

44666 a : d of 9,6 '** and iower ■*"-» — *~ « - 

46. no longer pro.de a substantia,* eonttououa outer areuate spherical surface. 

*£TT'JT** r ™'°<* e «**■ — floatahoe adapt* 

oga 58. At ms point, as illusfrated ,n Hgs. ,7aand 17b. me apparel ,0 TJ^Z 
be removed mam me interior of the expandabta tubutar member 66 

totetomT^ '? te rem0Ved h " *" eXPa " dabte »** ™n*er 66 prior 
to me oomptete rad,a, expansion and ptaabo detonoation of me expandable tulr 

member b, contro»ab,y cCapaln, me u PP ,r and tower expanaion ccne segments* 

and 46. As a reautt. me apparatus ,0 pmvides the tottowing benefl*: „> £££ 

are requ,rad because ma portion of me expandable tubular member 66 between me 
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packer cups, 24 and 28, and the expansion cone segments is exposed to the 
expansion fluid pressure; and (3) the expansion cone segments can be run down 
through the expandable tubular member, prior to radial expansion, and then the 
expansion cone segments can be expanded. 

In several alternative embodiments, resilient members such as. for example, spring 
elements are coupled to the upper and lower expansion cone segments. 44 and 46. for 
resiliently biasing the expansion cone segments towards the expanded or collapsed 
position. 



In several alternative embodiments, the placement of the upper and lower expansion 
cone segments, 44 and 46. in an expanded or collapsed position is reversible as 
disclosed in PCT patent application serial no. PCT 7 / attorney docket no. 

25791.88.02, filed on , the disclosure of which is incorporated herein by 

15 reference. 
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In several alternative embodiments, a small gap is provided between the upper and 
lower expansion cone segments. 44 and 46. when positioned in the expanded 
condition that varies from about .005 to .030 inches. 



An apparatus for radially expanding and plastically deforming an expandable tubular 
member has been described that includes an upper tubular support member defining a 
first passage, one or more cup seals coupled to the exterior surface of the upper 
tubular support member for sealing an interface between the upper tubular support 
member and the expandable tubular member, an upper cam assembly coupled to the 
upper tubular support member comprising: a tubular base coupled to the upper tubular 
support member, and a plurality of cam arms extending from the tubular base in a 
downward longitudinal direction, each cam arm defining an inclined surface, a plurality 
of upper expansion cone segments interleaved with the cam arms of the upper cam 
30 assembly and pivotally coupled to the tubular support member, a tower tubular support 
member defining a second passage fluididy coupled to the first passage releasably 
coupled to the upper tubular support member, a lower cam assembly coupled to the 
lower tubular support member comprising: a tubular base coupled to the lower tubular 
support member, and a plurality of cam arms extending from the tubular base in an 

20 



upward longitudinal direction, each cam arm defining an inclined surface that mates 
with the inclined surface of a corresponding one of the upper expansion cone 
segments, wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly, and a plurality of lower expansion 
cone segments interleaved with cam arms of the lower cam assembly, each lower 
expansion cone segment pivotally coupled to the lower tubular support member and 
mating with the inclined surface of a corresponding one of the cam arms of the upper 
cam assembly, wherein the lower expansion cone segments interleave and overlap the 
upper expansion cone segments, and wherein the upper and lower expansion cone 
segments together define an arcuate spherical external surface for plastically 
deforming and radially expanding the expandable tubular member. In an exemplary 
embodiment, the upper tubular support member includes: a safety collar, a torque plate 
coupled to the safety collar including a plurality of circumferentially spaced apart 
meshing teeth at an end, an upper mandrel including a plurality of circumferentially 
spaced apart meshing teeth at one end for engaging the meshing teeth of the torque 
plate and an external flange at another end, and a lower mandrel coupled to the 
external flange of the upper mandrel including an external flange including a plurality of 
circumferentially spaced apart meshing teeth. In an exemplary embodiment, the 
tubular base of the upper cam assembly includes a plurality of circumferentially spaced 
apart meshing teeth for engaging the meshing teeth of the external flange of the lower 
mandrel. In an exemplary embodiment, the apparatus further includes a stop nut 
coupled to an end of the lower mandrel for limiting the movement of the lower tubular 
member relative to the lower mandrel. In an exemplary embodiment, the apparatus 
further includes locking dogs coupled to the lower mandrel. In an exemplary 
embodiment, the lower tubular support member includes: a float shoe adapter including 
a plurality of drcumferentially spaced apart meshing teeth at one end, an internal 
flange, and a torsional coupling at another end, a lower retaining sleeve coupled to an 
end of the float shoe adapter including an internal flange for pivotally engaging the 
lower expansion cone segments, and a retaining sleeve received within the float shoe 
adapter releasably coupled to the upper tubular support member. In an exemplary 
embodiment, an end of the retaining sleeve abuts an end of the tubular base of the 
lower cam assembly. In an exemplary embodiment, the tubular base of the lower cam 
assembly includes a plurality of circumferentially spaced apart meshing teeth for 
engaging the meshing teeth of the float shoe adaptor. In an exemplary embodiment, 
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of toe noa, shoe adaptor, and an expandable tote, member coupled to the float shoe 

~T by and movab * M ^ to - ^ - ^ ~ « 

events. ,a an exemptary embodiment, the apparatu* fitrther indudes: oha or mce 

r: s eT pled °* upper ^ ^ « - ^ 

support member. ,„ ah exempted embody,, me apparatus ^ 

Z 12 ,0 T upper ,ubuar swort rembw <* «» < » 

upper tubutor support member relative to the tower tubular support member In an 
<o toe tower tubeter support member M deflnas a vatveabte passage 2 an 

emCmen, ea h °°~ =~ - 

embodiment, each upper expansion cone segment includes: an inner portion deflnj 

arcuate cyi,„dhca, upper surface inctu*g a l*ge 9roove for p,vo«y coupZ ^ 
s hence, uppe surfaces and en arcuate conicel tower surface, and en outer portton 

e iir * upper a * ** ^ -* -> ^ 

expanston cone segment includes: an inner portton defining an arcuate cytindhcal 
segment to toe lower tubular support member and arcuate cylindnca, tower surfaces 

~:r dewn9 ^ **- - — 

an arcuate corneal lower surface, and an outer portton defining arcuate cylindrical 
upper and tower surfaces. In an exemplary embodiment each upper expanl Ze 
segment is tepe f ed In fite longitudinal direcflc tron, fine intermTateZ" 
outer portton; and wherein each tower expanston cone segment is teZd to Z 
^^"^fntotfl^toten^porttonto^^pJl 

apparatus for radialty expandlng ,„„ ^ 

a. an end. an uppe, mandrel including a pluteKy 0 f drcmfetenfiafiy spa J apart 
"toshtng teeth a, one end for engaging toe meaning teeth of the toje ZTlT 
external flange a, another end, a towe, mandrel coupled to the extent: Z^Z 
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pper mandre, induding an externa, flange hcluding a pluralily of dralmf 
spaced apart meshing teeth, a stop mt ^ l0 an end of ^ |Qwer ^ 
upper reteWng steeve coupted to me tower mandrel induding an interna, flange, one or 
more oup seek coupted to the upper mandre, for saaHng an interfaoe between the 
upper mandre, and me expandabte .ubular member, an upper cam assembly coupted 
«o the lower mandre, induding: a tubular base induding a plurality of dmumferentiafly 
spaced apart meshing teeth for engaging me meshing teem of me externa, flange of 
».e tower mandre,, and a pluraffly of cam anas extending from me tobuter base in a 
downward tongitodina, d,reaion. each cam am, defining an Mined eurfaca, a piurality 
of upper expanston cone segments interteaved with me cant arms of the upper cam 
assent^ and MO coupted to «he internal flange of the upper retaining sleeve, a 
float shoe adapter mduding a plurality of drcumferentially spaced apart meshing teem 
at one end. an Internal flange, and a torsional coupling a, another end, a lower 
retake steeve coupted ,o an end of the flea, shoe adapter induding an Interna, 
"ange, a retanlng sleeve received within me float shoe adapter, one or more shear 
pms for releasab* coup,ing the retaining steeve to the stop nut. a tower cam asset** 
coupted ,o me floa, shoe adapter induding: a tubular base induding a piurality of 
orcumferanflafly spaced apart meshing team for engaging the mashing team of me 
float shoe adapter, and a pluralfly of cam anas extending from .he tubular base in an 
upward tengitedina, dlrecfloa, each cam arm deflnlng an indined surtaoe tha, mates 

se!n^ 'T °' 3 « °< *» upper expansion done 

segmente wheretn me cams arms of the upper cam assemb* are mterteaved wim and 
overlap the cam atms of me lower cam assemb*. a pluraflty of lower expansion cone 
segment .ntadaavad with cam arms of the ,ower cam assemb,y. each lower expansion 
cone segment pwotafly coupled to the internal flange of me towe, retaining sleeve and 
matn, wtt m, todined surface of a conresponding one of the cam arms of me upper 
cam assembty, a floa, shoo reteasab* coupled to me torsional ooupling of me floa, 
shoe adapter, and an expandable tubular member coupled to ma floa. shoe and 

in ? mwabiy coupied to 0,6 upper M *~ «~ — *~ 

where., ma lower expansion cone segments interleave and ovedap the upper 
exp^nston o=™ segmente. wherein .ha uppar and lower expansion cone segments 

Z " arcUate SPhetira ' eXtema ' ,0r «V oaformmg and 

m«y expandtng ,he expandabte tobula, member, wherein each upper expansion 
cone segment n dudea: an meter portion deflning an arcuate cytindrtca, upper surface 
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including a hinge groove for pivotally coupling the upper expansion cone segment to 
the upper tubular support member and arcuate cylindrical lower surfaces, an 
intermediate portion defining arcuate cylindrical and spherical upper surfaces and an 
arcuate conical lower surface, and an outer portion defining arcuate cylindrical upper 
and lower surfaces, wherein each lower expansion cone segment includes: an inner 
portion defining an arcuate cylindrical upper surface including a hinge groove for 
pivotally coupling the lower expansion cone segment to the lower tubular support 
member and arcuate cylindrical lower surfaces, an intermediate portion defining 
arcuate cylindrical and spherical upper surfaces and an arcuate conical lower surface, 
and an outer portion defining arcuate cylindrical upper and tower surfaces, wherein 
each upper expansion cone segment is tapered in the longitudinal direction from the 
intermediate portion to the outer portion, and wherein each lower expansion cone 
segment is tapered in the longitudinal direction from the intermediate portion to the 
outer portion. 

A collapsible expansion cone assembly has also been described that includes an upper 
tubular support member including an internal flange, an upper cam assembly coupled 
to the upper tubular support member including: a tubular base coupled to the upper 
support member, and a plurality of cam arms extending from the tubular base in a 
downward longitudinal direction, each cam arm defining an inclined surface, a plurality 
of upper expansion cone segments interleaved with the cam arms of the upper cam 
assembly and pivotally coupled to the internal flange of the upper tubular support 
member, a lower tubular support member including an internal flange, one or more 
frangible couplings for releasably coupling the upper and lower tubular support 
members, a lower cam assembly coupled to the lower tubular support member 
including: a tubular base coupled to the lower tubular support member, and a plurality 
of cam arms extending from the tubular base in an upward longitudinal direction, each 
cam arm defining an inclined surface that mates with the inclined surface of a 
corresponding one of the upper expansion cone segments, wherein the cams arms of 
the upper cam assembly are interleaved with and overlap the cam arms of the lower 
cam assembly, and a plurality of lower expansion cone segments interleaved with cam 
arms of the lower cam assembly, each lower expansion cone segment pivotally 
coupled to the internal flange of the lower tubular support member and mating with the 
inclined surface of a corresponding one of the cam arms of the upper cam assembly, 
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wherein the lower expansion cone segments interleave and overlap the upper 
expansion cone segments, and wherein the upper and lower expansion cone segments 
together define an arcuate spherical external surface for plastically deforming and 
radially expanding the expandable tubular member. In an exemplary embodiment, 
each upper expansion cone segment includes: an inner portion defining an arcuate 
cylindrical upper surface including a hinge groove for pivotally coupling the upper 
expansion cone segment to the upper tubular support member and arcuate cylindrical 
lower surfaces, an intermediate portion defining arcuate cylindrical and spherical upper 
surfaces and an arcuate conical lower surface, and an outer portion defining arcuate 
cylindrical upper and lower surfaces, and wherein each lower expansion cone segment 
includes: an inner portion defining an arcuate cylindrical upper surface including a 
hinge groove for pivotally coupling the lower expansion cone segment to the lower 
tubular support member and arcuate cylindrical lower surfaces, an intermediate portion 
defining arcuate cylindrical and spherical upper surfaces and an arcuate conical lower 
surface, and an outer portion defining arcuate cylindrical upper and lower surfaces. In 
an exemplary embodiment, each upper expansion cone segment is tapered in the 
longitudinal direction from the intermediate portion to the outer portion, and wherein 
each lower expansion cone segment is tapered in the longitudinal direction from the 
intermediate portion to the outer portion. 

A collapsible expansion cone assembly has also been described that includes an upper 
tubular support member including an internal flange, an upper cam assembly coupled 
to the upper tubular support member including: a tubular base coupled to the upper 
support member, and a plurality of cam arms extending from the tubular base in a 
downward longitudinal direction, each cam arm defining an inclined surface, a plurality 
of upper expansion cone segments interleaved with the cam arms of the upper cam 
assembly and pivotally coupled to the internal flange of the upper tubular support 
member, a lower tubular support member including an internal flange, one or more 
frangible couplings for releasably coupling the upper and lower tubular support 
members, a lower cam assembly coupled to the lower tubular support member 
including: a tubular base coupled to the lower tubular support member, and a plurality 
of cam arms extending from the tubular base in an upward longitudinal direction, each 
cam arm defining an inclined surface that mates with the inclined surface of a 
corresponding one of the upper expansion cone segments, wherein the cams arms of 
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the upper cam assembly are interleaved with and overiap the cam arms of the lower 
cam assembly, and a plurality of .ower expansion cone segments interleaved with cam 
arms of the lower cam assembly, each .ower expansion cone segment pivota.ly 
coupled to the interna, flange of the lower tubular support member and mating with the 
.nchned surface of a corresponding one of the cam arms of the upper cam assembly 
wherem the lower expansion cone segments interleave and overiap the upper 
expans.on cone segments, wherein the upper and .ower expansion cone segments 
toge t er define an arcuate spherica. externa, surface for p.asticafly deforming and 
rad,a..y expanding the expandable tubular member, wherein each upper expansion 
cone segment includes: an inner portion defining an arcuate cylindrical upper surface 
.nc.ud.ng a hinge groove for prvota.ly coupling the upper expansion cone segment to 
the upper tubular support member and arcuate cylindrica. lower surfaces an 
.ntermediate portion defining arcuate cylindrica. and spherical upper surfaces and an 
arcuate con,ca. lower surface, and an outer portion defining arcuate cylindrica. upper 
and lower surfaces, wherein each lower expansion cone segment includes: an inner 
port.cn defining an arcuate cylindrical upper surface including a hinge groove for 
prvotally coupling the ,ower expansion cone segment to the lower tubu.ar support 
member and arcuate cy.indrica. .ower surfaces, an intermediate portion defining 
arcuate cylindrical and spherica. upper surfaces and an arcuate conica. .ower surface 
and an outer portion defining arcuate cylindrical upper and lower surfaces, wherein 
each upper expansion cone segment is tapered in the longitudinal direction from the 
intermediate portion to the outer portion, and wherein each lower expansion cone 
segment is tapered in the longitudinal direction from the intermediate portion to the 
outer portion. 

An apparatus for radially expanding and plastically deforming an expandable tubular 
member has also been described that includes a tubu.ar support member, a coHapsible 
expanse cone coupled to the tubular support member, an expandable tubular 
member coupled to the coHapsible expansion cone, means for displacing the 
co apsible expansion cone relative to the expandable tubular member, and means for 
coHapsmg the expansion cone. In an exemplary embodiment, the tubular support 
member includes an upper tubu.ar support member including an interna, flange and a 
lower tubular support member including an interna, flange, wherein the expansion cone 
■ncludes: an upper cam assemb.y coupled to the upper tubu.ar support member 
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mm ertendmg from ,he ,ubu,ar base i„ a doMwart tongilud|na , * 

^2i a ;r ined surta " a piurai,,y ° ( wr ~ « ~ 

r^n , upper tubuiar ^ membsr ' a ^ «*» — * «*- to 

support member, and e pluralKy „, cam amis ei!te „ d , ng „,„ 

w* f. ,nc„ned surface of a conespondlng one o, ft. upper expand con, 

ZZZ * ram arms of 0,6 w ram a ^ — 
Z 2 JZ T n ' pivo,a " y 10 0,6 lnteral ^ -■»'«■ «** 

« Zaire 9 "* ,he inc,,nea "*» °* a « * •» 

ZaTo 1! ^ an " — * 816 appara ** "udes: 

mm, to, releasably coup„„ 9 the upper luMaf supp0ft member 

sapper, member, and meana for Wdng mo»ame„, „, upper ^ ' 
member relate ,o fte tovver ^ support ^ ,„ 

20 and m , """" * **« *» W ' —* ' ™ ~ 

an (means for pMrtng ,he ,ower expansion cone segment ,„ an e~ 

embod.men,. fte appara.ua fcnher indudes: means for pu||ing J ~ 
expanse cone through the expandable tubular member. 
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with the inclined surface of a corresponding one of the cam arms of the upper cam 
assembly, means for moving the upper cam assembly away from the lower expansion 
cone segments, and means for moving the lower cam assembly away from the upper 
expansion cone segments. In an exemplar/ embodiment, the upper and lower 
expansion cone segments together define an arcuate spherical external surface. In an 
exemplary embodiment, each upper expansion cone segment includes: an Inner 
portion defining an arcuate upper surface and arcuate cylindrical lower surfaces, an 
intermediate portion defining arcuate cylindrical and spherical upper surfaces and an 
arcuate conical lower surface, and an outer portion defining arcuate cylindrical upper 
and lower surfaces, and wherein each lower expansion cone segment includes: an 
inner portion defining an arcuate cylindrical upper surface and arcuate cylindrical lower 
surfaces, an intermediate portion defining arcuate cylindrical and spherical upper 
surfaces and an arcuate conical lower surface, and an outer portion defining arcuate 
cylindrical upper and lower surfaces. In an exemplary embodiment, each upper 
expansion cone segment is tapered in the longitudinal direction from the intermediate 
portion to the outer portion, and each lower expansion cone segment is tapered in the 
longitudinal direction from the intermediate portion to the outer portion. 

A method of radially expanding and plastically deforming an expandable tubular 
member has also been described that includes supporting the expandable tubular 
member using a tubular support member and a collapsible expansion cone, injecting a 
flu.dic material into the tubular support member, sensing the operating pressure of the 
injected fluidic material within a first interior portion of the tubular support member, 
displacing the collapsible expansion cone relative to the expandable tubular member 
when the sensed operating pressure of the injected fluidic material exceeds a 
predetermined level within the first interior portion of the tubular support member, 
sensing the operating pressure of the injected fluidic material within a second interior 
portion of the tubular support member, and collapsing the collapsible expansion cone 
when the sensed operating pressure of the injected fluidic material exceeds a 
predetermined level within the second interior portion of the tubular support member. 
In an exemplary embodiment, the method further includes: pulling the collapsible 
expansion cone through the expandable tubular member when the sensed operating 
pressure of the injected fluidic material exceeds a predetermined level within the first 
interior portion of the tubular support member. In an exemplary embodiment, pulling 
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enclosure. In some instances, some features of the present invention may be 
employed without a corresponding use of the other features. Accordingly it is 
appropriate that the appended claims be construed broadly and in a manner consistent 
with the scope of the invention. 
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Claims 

1. An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

5 an upper tubular support member defining a first passage; 

one or more cup seals coupled to the exterior surface of the upper tubular 
support member for sealing an interface between the upper tubular support member 
and the expandable tubular member, and 

an adjustable expansion device coupled to the upper tubular support member 
10 adapted to be controllably adjusted between a smaller outside diameter and a larger 
outside diameter. 

2. The apparatus of claim 1 , wherein the adjustable expansion device comprises: 

an upper cam assembly coupled to the upper tubular support member 
15 comprising: 

a tubular base coupled to the upper tubular support member, and 

a plurality of cam arms extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
20 the upper cam assembly and pivotally coupled to the upper tubular support member, 

a lower tubular support member defining a second passage fluidicly coupled to 
the first passage releasably coupled to the upper tubular support member; 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tubular support member; and 
25 a plurality of cam arms extending from the tubular base in an upward longitudinal 

direction, each cam arm defining an inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly arc interleaved with and 
overlap the cam arms of the lower cam assembly; and 
30 a plurality of lower expansion cone segments interleaved with cam arms of the 

lower cam assembly, each lower expansion cone segment pivotally coupled to the 
lower tubular support member and mating with the inclined surface of a corresponding 
one of the cam arms of the upper cam assembly. 
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3. The apparatus of claim 2, wherein the lower expansion cone segments interleave 
and overlap the upper expansion cone segments; and wherein the upper and lower 
expansion cone segments together define an arcuate spherical external surface for 
plastically deforming and radially expanding the expandable tubular member. 
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1. An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

an upper tubular support member defining a first passage; 

one or more cup seals coupled to the exterior surface of the upper tubular 
support member for sealing an interface between the upper tubular support member 
and the expandable tubular member; 

an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper tubular support member; and 

a plurality of cam arms extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and pivotaily coupled to the tubular support member; 

a lower tubular support member defining a second passage fluidicly coupled to 
the first passage releasably coupled to the upper tubular support member, 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tubular support member; and 

a plurality of cam arms extending from the tubular base in an upward longitudinal 
direction, each cam arm defining an inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly; and 

a plurality of lower expansion cone segments interleaved with cam arms of the 
lower cam assembly, each lower expansion cone segment pivotaily coupled to the 
lower tubular support member and mating with the inclined surface of a corresponding 
one of the cam arms of the upper cam assembly; 

wherein the lower expansion cone segments interleave and overlap the upper 
expansion cone segments; and 

wherein the upper and lower expansion cone segments together define an 
arcuate spherical external surface for plastically deforming and radially expanding the 
expandable tubular member. 

2. The apparatus of claim 1 , wherein the upper tubular support member comprises: 
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a safety collar; 

a torque plate coupled to the safety collar comprising a plurality of 
circumferentially spaced apart meshing teeth at an end; 

an upper mandrel comprising a plurality of circumferentially spaced apart 
5 meshing teeth at one end for engaging the meshing teeth of the torque plate and an 
external flange at another end; and 

a lower mandrel coupled to the external flange of the upper mandrel comprising 
an external flange comprising a plurality of circumferentially spaced apart meshing 
teeth. 

0 

3. The apparatus of claim 2, wherein the tubular base of the upper cam assembly 
comprises a plurality of circumferentially spaced apart meshing teeth for engaging the 
meshing teeth of the external flange of the lower mandrel. 

5 4. The apparatus of claim 2, further comprising: 

a stop nut coupled to an end of the lower mandrel for limiting the movement of 
the lower tubular member relative to the lower mandrel. 

5. The apparatus of claim 2, further comprising: 
0 locking dogs coupled to the lower mandrel. 

6. The apparatus of claim 1 , wherein the lower tubular support member comprises: 
a float shoe adapter comprising a plurality of circumferentially spaced apart 

meshing teeth at one end, an internal flange, and a torsional coupling at another end; 
5 a lower retaining sleeve coupled to an end of the float shoe adapter comprising 

an internal flange for pivotally engaging the lower expansion cone segments; and 

a retaining sleeve received within the float shoe adapter releasably coupled to 
the upper tubular support member. 

) 7. The apparatus of claim 6, wherein an end of the retaining sleeve abuts an end of 
the tubular base of the lower cam assembly. 
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8. The apparatus of claim 6, wherein the tubular base of the lower cam assembly 
comprises a plurality of circumferentially spaced apart meshing teeth for engaging the 
meshing teeth of the float shoe adaptor. 

5 9. The apparatus of claim 6, further comprising: 

a float shoe releasably coupled to the torsional coupling of the float shoe adaptor, 

and 

an expandable tubular member coupled to the float shoe and supported by and 
movably coupled to the upper and lower expansion cone segments. 

10 

1 0. The apparatus of claim 1 , further comprising: 

one or more shear pins coupled between the upper tubular support member and 
the lower tubular support member. 

15 11. The apparatus of claim 1 , further comprising: 

a stop member coupled to the upper tubular support member for limiting 
movement of the upper tubular support member relative to the lower tubular support 
member. 



20 1 2. The apparatus of claim 1 , further comprising: 

a float shoe releasably coupled to the lower tubular support member that defines 
a valveable passage; and 

an expandable tubular member coupled to the float shoe and supported by and 
movably coupled to the upper and lower expansion cone segments. 

25 

13. The apparatus of claim 1, wherein each upper expansion cone segment 
comprises: 

an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the upper expansion cone segment to the upper tubular 
30 support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; and 
wherein each lower expansion cone segment comprises: 
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an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces. 

14. The apparatus of claim 13, wherein each upper expansion cone segment is 
tapered in the longitudinal direction from the intermediate portion to the outer portion; 
and wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intermediate portion to the outer portion. 

15. An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

a safety collar; 

a torque plate coupled to the safety collar comprising a plurality of 
circumferentially spaced apart meshing teeth at an end; 

an upper mandrel comprising a plurality of circumferentially spaced apart 
meshing teeth at one end for engaging the meshing teeth of the torque plate and an 
external flange at another end; 

a lower mandrel coupled to the external flange of the upper mandrel comprising 
an external flange comprising a plurality of circumferentially spaced apart meshing 
teeth; 

a stop nut coupled to an end of the lower mandrel; 

an upper retaining sleeve coupled to the lower mandrel comprising an internal 
flange; 

one or more cup seals coupled to the upper mandrel for sealing an interface 
between the upper mandrel and the expandable tubular member, 

an upper cam assembly coupled to the lower mandrel comprising: 

a tubular base comprising a plurality of circumferentially spaced apart meshing 
teeth for engaging the meshing teeth of the external flange of the lower mandrel; and 

a plurality of cam arms extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an inclined surface; 
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a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and pivotally coupled to the internal flange of the upper 
retaining sleeve; 

a float shoe adapter comprising a plurality of circumferentially spaced apart 
meshing teeth at one end, an internal flange, and a torsional coupling at another end; 

a lower retaining sleeve coupled to an end of the float shoe adapter comprising 
an internal flange; 

a retaining sleeve received within the float shoe adapter; 

one or more shear pins for releasably coupling the retaining sleeve to the stop 

nut; 

a lower cam assembly coupled to the float shoe adapter comprising: 

a tubular base comprising a plurality of circumferentially spaced apart meshing 
teeth for engaging the meshing teeth of the float shoe adapter; and 

a plurality of cam arms extending from the tubular base in an upward longitudinal 
direction, each earn arm defining an inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly; 

a plurality of lower expansion cone segments interleaved with cam arms of the 
lower cam assembly, each lower expansion cone segment pivotally coupled to the 
internal flange of the lower retaining sleeve and mating with the inclined surface of a 
corresponding one of the cam arms of the upper cam assembly; 

a float shoe releasably coupled to the torsional coupling of the float shoe adaptor 

and 

an expandable tubular member coupled to the float shoe and supported by and 
movably coupled to the upper and lower expansion cone segments; 

wherein the lower expansion cone segments interleave and overlap the upper 
expansion cone segments; 

wherein the upper and lower expansion cone segments together define an 
arcuate spherical external surface for plastically deforming and radially expanding the 
expandable tubular member; 

wherein each upper expansion cone segment comprises: 
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an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the upper expansion cone segment to the upper tubular 
support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; 

wherein each lower expansion cone segment comprises: 

an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
support member and arcuate cylindrical lower surfaces; . 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; 

wherein each upper expansion cone segment is tapered in the longitudinal 
direction from the intermediate portion to the outer portion; and 

wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intermediate portion to the outer portion. 

16. A collapsible expansion cone assembly comprising: 

an upper tubular support member comprising an internal flange; 

an upper cam assembly coupled to the upper tubular support member 

comprising: 

a tubular base coupled to the upper support member; and 

a plurality of cam arms extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and pivotally coupled to the internal flange of the upper 
tubular support member; 

a lower tubular support member comprising an internal flange; 

one or more frangible couplings for releasably coupling the upper and lower 
tubular support members; 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tubular support member, and 
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a plurality of cam arms extending from the tubular base in an upward longitudinal 
direction, each cam arm defining an inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly, and 

a plurality of lower expansion cone segments interleaved with cam arms of the 
lower cam assembly, each lower expansion cone segment pivotally coupled to the 
internal flange of the lower tubular support member and mating with the inclined 
surface of a corresponding one of the cam arms of the upper cam assembly; 

wherein the lower expansion cone segments interleave and overlap the upper 
expansion cone segments; and 

wherein the upper and lower expansion cone segments together define an 
arcuate spherical external surface for plastically deforming and radially expanding the 
expandable tubular member. 

17. The assembly of claim 16, wherein each upper expansion cone segment 
comprises: 

an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the upper expansion cone segment to the upper tubular 
support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; and 

wherein each lower expansion cone segment comprises: 

an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces. 

18. The assembly of claim 16, wherein each upper expansion cone segment is 
tapered in the longitudinal direction from the intermediate portion to the outer portion; 
and 
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wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intermediate portion to the outer portion. 

19. A collapsible expansion cone assembly, comprising: 
5 an upper tubular support member comprising an internal flange; 

an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper support member; and 
a plurality of cam arms extending from the tubular base in a downward 
10 longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and pivotally coupled to the internal flange of the upper 
tubular support member; 

a lower tubular support member comprising an internal flange; 
15 one or more frangible couplings for releasably coupling the upper and lower 

tubular support members; 

a lower cam assembly coupled to the lower tubular support member comprising: 
a tubular base coupled to the lower tubular support member, and 
a plurality of cam arms extending from the tubular base in an upward longitudinal 
20 direction, each cam arm defining an inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly; and 

a plurality of lower expansion cone segments interleaved with cam arms of the 
25 lower cam assembly, each lower expansion cone segment pivotally coupled to the 
internal flange of the lower tubular support member and mating with the inclined 
surface of a corresponding one of the cam arms of the upper cam assembly; 

wherein the lower expansion cone segments interleave and overlap the upper 
expansion cone segments; 
30 wherein the upper and lower expansion cone segments together define an 

arcuate spherical external surface for plastically deforming and radially expanding the 
expandable tubular member, 

wherein each upper expansion cone segment comprises: 
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an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the upper expansion cone segment to the upper tubular 
support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
5 and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; 

wherein each lower expansion cone segment comprises: 

an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
10 support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; 

wherein each upper expansion cone segment is tapered in the longitudinal 
15 direction from the intermediate portion to the outer portion; and 

wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intermediate portion to the outer portion. 

20. An apparatus for radially expanding and plastically deforming an expandable 
20 tubular member, comprising: 

a tubular support member; 

a collapsible expansion cone coupled to the tubular support member; 
an expandable tubular member coupled to the collapsible expansion cone; 
means for displacing the collapsible expansion cone relative to the expandable 
25 tubular member; and 

means for collapsing the expansion cone. 

21. The apparatus of claim 20, wherein the tubular support member comprises an 
upper tubular support member comprising an internal flange and a lower tubular 

30 support member comprising an internal flange; wherein the expansion cone comprises: 
an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper support member; and 
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a plurality of cam arms extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and pivotally coupled to the internal flange of the upper 
5 tubular support member, 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tubular support member; and 

a plurality of cam arms extending from the tubular base in an upward longitudinal 
direction, each cam arm defining an inclined surface that mates with the inclined 
10 surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly; and 

a plurality of lower expansion cone segments interleaved with cam arms of the 
lower cam assembly, each lower expansion cone segment pivotally coupled to the 
15 internal flange of the lower tubular support member and mating with the inclined 
surface of a corresponding one of the cam arms of the upper cam assembly; and 
wherein the apparatus further comprises: 

means for releasably coupling the upper tubular support member to the lower 
tubular support member; and 
20 means for limiting movement of the upper tubular support member relative to the 

lower tubular support member. 

22. The apparatus of claim 20, further comprising: 

means for pivoting the upper expansion cone segments; and 
25 means for pivoting the lower expansion cone segments. 

23. The apparatus of claim 20, further comprising: 

means for pulling the collapsible expansion cone through the expandable tubular 
member. 

30 

24. A collapsible expansion cone, comprising: 
an upper cam assembly comprising: 

a tubular base; and 
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a plurality of cam arms extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly; 

a lower cam assembly comprising: 4 
a tubular base; and 

a plurality of cam arms extending from the tubular base in an upward longitudinal 
direction, each cam arm defining an inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly; 

a plurality of lower expansion cone segments interleaved with cam arms of the 
lower cam assembly, each lower expansion cone segment mating with the inclined 
surface of a corresponding one of the cam arms of the upper cam assembly; 

means for moving the upper cam assembly away from the lower expansion cone 
segments; and 

means for moving the lower cam assembly away from the upper expansion cone 
segments. 

20 25. The apparatus of claim 24, wherein the upper and lower expansion cone 
segments together define an arcuate spherical external surface. 

26. The apparatus of claim 24, wherein each upper expansion cone segment 
comprises: 

25 an inner portion defining an arcuate cylindrical upper surface and arcuate 

cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; and 
30 wherein each lower expansion cone segment comprises: 

an inner portion defining an arcuate cylindrical upper surface and arcuate 
cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 
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an outer portion defining arcuate cylindrical upper and lower surfaces. 

27. The apparatus of claim 24, wherein each upper expansion cone segment is 
tapered in the longitudinal direction from the intermediate portion to the outer portion; 

5 and 

wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intermediate portion to the outer portion. 

28. A method of radially expanding and plastically deforming an expandable tubular 
1 0 member, comprising: 

supporting the expandable tubular member using a tubular support member and 
a collapsible expansion cone; 

injecting a fluidic material into the tubular support member; 

sensing the operating pressure of the injected fluidic material within a first interior 
1 5 portion of the tubular support member; 

displacing the collapsible expansion cone relative to the expandable tubular 
member when the sensed operating pressure of the injected fluidic material exceeds a 
predetermined level within the first interior portion of the tubular support member; 

sensing the operating pressure of the injected fluidic material within a second 
20 interior portion of the tubular support member; and 

collapsing the collapsible expansion cone when the sensed operating pressure of 
the injected fluidic material exceeds a predetermined level within the second interior 
portion of the tubular support member. 

25 29. The method of claim 28, further comprising: 

pulling the collapsible expansion cone through the expandable tubular member 
when the sensed operating pressure of the injected fluidic material exceeds a 
predetermined level within the first interior portion of the tubular support member. 

30 30. The method of claim 29, wherein pulling the collapsible expansion cone through 
the expandable tubular member comprises: 

coupling one or more cup seals to the tubular support member above the 
collapsible expansion cone; 
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pressuring the interior of the expandable tubular member below the cup seals; 

and 

pulling the collapsible expansion cone through the expandable tubular member 
using the cup seals. 

5 

31. The method of claim 28, wherein the tubular support member comprises an 
upper tubular support member and a lower tubular support member, and wherein 
collapsing the collapsible expansion cone comprises displacing the upper tubular 
member relative to the lower tubular support member. 

10 

32. The method of claim 31 , wherein the collapsible expansion cone comprises: 
an upper cam assembly comprising: 

a tubular base; and 

a plurality of cam arms extending from the tubular base in a downward 
15 longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and pivotally coupled to the upper tubular support member; 
a lower cam assembly comprising: 

a tubular base; and 

20 a plurality of cam arms extending from the tubular base in an upward longitudinal 

direction, each cam arm defining an inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly; and 

25 a plurality of lower expansion cone segments interleaved with cam arms of the 

lower cam assembly, each lower expansion cone segment pivotally coupled to the 
lower tubular support member and mating with the inclined surface of a corresponding 
one of the cam arms of the upper cam assembly. 
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Amendments to the claims have been filed as follows 



1. An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

an upper tubular support member defining a first passage; 

one or more cup seals coupled to the exterior surface of the upper tubular 
support member for sealing an interface between the upper tubular support member 
and the expandable tubular member; 

a collapsible expansion cone coupled to the upper tubular support member, 

means for displacing the collapsible expansion cone relative to the expandable 
tubular member; and 

means for collapsing the collapsible expansion cone; 

wherein the expandable tubular member is coupled to the collapsible expansion 



2. The apparatus of claim 1, wherein the collapsible expansion cone comprises: 

an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper tubular support member; and 

a plurality of cam arms extending from the tubular base in a downward 

longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 

the upper cam assembly and pivotally coupled to the upper tubular support member; 
a lower tubular support member defining a second passage fluidicly coupled to 

the first passage releasably coupled to the upper tubular support member; 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tubular support member; and 

a plurality of cam arms extending from the tubular base in an upward longitudinal 

direction, each cam arm defining an inclined surface that mates with the inclined 

surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 

overlap the cam arms of the lower cam assembly; and 

a plurality of lower expansion cone segments interleaved with cam arms of the 

lower cam assembly, each lower expansion cone segment pivotally coupled to the 



cone. 




lower tubular support member and mating with the inclined surface of a corresponding 
one of the cam arms of the upper cam assembly. 

3. The apparatus of claim 2, wherein the lower expansion cone segments interleave 
and overlap the upper expansion cone segments; and wherein the upper and lower 
expansion cone segments together define an arcuate spherical external surface for 
plastically deforming and radially expanding the expandable tubular member. 
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